The case study focuses on the interactional mechanisms through which online collaborative teams co-construct a shared understanding of an analytical geometry problem by using dynamic geometry representations. The collaborative study consisted of an assignment on which the learners worked together in groups to solve a ship navigation problem as described in the Virtual Math Teams (VMT) environment. In this paper, a single group's problem solving activities were qualitatively analyzed to understand how they achieved a sense of joint perception of their shared workspace as a navigational chart which encodes the physical relationships between landmarks in the form of angle and distance measures. The analysis of the excerpts indicated that the initial struggles and their resolution in interaction as participants mastered the use of dynamic features in their shared workspace helped them gradually develop a shared understanding of the key spatial relationships among landmarks encoded in the 2D chart.
INTRODUCTION
Computer Supported Collaborative Learning (CSCL) can be defined as 'the field concerned with how ICT might support learning in groups" (Ludvigsen & Mørch, 2009 ). Learners employ various computer-mediated-communication (CMC) technologies in order to communicate with their group members in a CSCL environment. CMC capabilities offered in such an environment can be categorized as either synchronous (e.g., via a chat facility or video conferencing), asynchronous (e.g., via a wiki, forum or e-mail), or a combination of both (Janssen, et al., 2007) . Measurement in CSCL attempts to observe, capture, and summarize individual and group behavior, from which researchers can make inferences about learning products and processes (Gress, Fior, Hadwin, & Winne, 2010). Assessment focuses on learner performance and takes two different forms; product or process assessment. While product assessment investigates final deliverables to evaluate whether a skill has been applied or a specific concept has been learned, performance assessment focuses more on the learning process (Retalis, Petropoulou, & Lazakidou, 2010).
Learning process in CSCL is highly related with fields of Social Constructivism which investigates how social interaction affects the development of cognition. The theory of Vygotsky considers people with their interior knowledge and explains that learners can internalize external knowledge as they interact with their peers and instructors. In this aspect, collaboration can be respected as a way to support formation of learners' knowledge through the interaction with other learners. Similarly, the Shared Cognition Theory deals with gaining knowledge and skills through the surrounding environment. The theory considers the environment in which learning occurs rather than the cognitive process independent from the learning context (Kumar, 1996) . Although the environment covers both physical and social contexts, the theory especially focuses on the social one that enables peers to build their learning. More specifically, the approach considers the collaboration as a process of forming and sustaining a shared conception of a problem.
In CSCL, learning is characterized as a collective meaning making process mediated by ICT technologies where different perspectives are negotiated and refined towards a common goal in interaction (Stahl, Koschmann, & Suthers, 2006) . The co-construction of a joint problem space (Sarmiento & Stahl, 2008 ) and the achievement of reciprocal perspectives towards shared constructions in a shared space (Zemel & Çakir, 2009 ) are vital to the success of collaborative learning. Providing tools to help collaborators develop such a level of shared understanding is an important design goal in CSCL.
In this paper, we investigate how a group of students co-construct a shared problem space and interactively develop a joint perception of a geometry problem in an online CSCL environment called Virtual Math Teams. In order to accomplish objectives of the study, we focus on the sequential organization of chat postings and shared drawings to observe how participants used the affordances of this online environment to work towards a solution to their common task. In particular, we focus on the role of dynamic representations on the development of shared mathematical understanding in this setting.
METHODOLOGY

Research Design
The purpose of this study is to investigate how a group of students co-construct a shared problem space and interactively develop a joint perception of a geometry problem in an online CSCL environment called Virtual Math Teams. Qualitative methods have been employed in order to provide a deep understanding of the research problem. The research questions of the study can be stated as follows:
 How the learning group showed progress while solving a geometry problem in an online collaborative environment?  How the group achieved joint perception in their shared workspace?
Setting
The study has been performed in the context of a graduate level course named Situated & Distributed Cognition in one of the state universities in Turkey. As part of their coursework, registered students of the course were required to enter a collaborative online session to solve one assignment by using tools of the Virtual Math Teams (VMT) online platform.
The VMT allows groups of learners to work on problems through online discussion and collaboration (Stahl, 2009 ). The VMT environment has three main components: lobby, chat rooms, and wiki. The lobby provides the list of chat rooms which are organized under a collection of problems or topics to explore and discuss. The chat rooms support synchronous communication among learners with text-chat and a shared whiteboard for drawing and organizing ideas. Moreover, the latest version of VMT allows dynamic geometry constructions in the shared drawing area by emulating GeoGebra objects. Due to the complexity of the dependencies among dynamic objects, the current version of VMT implements a turn-taking protocol where only a single user is given the editing rights at a given time. No such restriction applies to the chat. Finally, each chat room is linked to a corresponding wiki page, which allows learners to publish their findings in the Internet.
Participants
Participants of the study were graduate students of Cognitive Science department in one of the state universities in Turkey. The students have different educational backgrounds and will get MSc or PhD degree after graduation. Eleven students, 7 female and 4 male registered to COGS 557-Situated and Distributed Cognition Course. The students were divided over two groups of four students, and one group of three students.
The paper focuses on excerpts from a single chat session that belongs to one of the teams of the course. The team was selected since they completed the collaboration session and provided an appropriate solution. The selected team has 4 members who were named as PF, SK, DO, and PO for ethical considerations. Demographic characteristics of students were provided in the Table- The assignment was based on navigation problems described in Hutchins (Hutchins, 1995) , which was the core reading for the course. In this assignment, students worked with their teammates to solve a few basic navigation problems in the VMT environment. While collaborating online, students employed the chat function for the information share and used the Geogebra Tab as a navigational chart. Students brought information about the world (given in the questions) to this dynamic representational medium. Students were informed about the GeoGebra environment, which was appropriate to simplify the navigation task. The chart is the 2D Euclidean space where location will be determined by x-y coordinates (no latitude/longitude degrees, no Mercator projection issues 
RESULTS
Initially, we detected long sequences of activities that group members were involved in. Moreover, we have identified number of messages based on chat postings and GeoGebra activities of learners. According to our findings in Table- 2, we can summarize learners' actions as follows. Initially, two members (SK and DO) of the group joined to the VMT environment and tried to understand usage of GeoGebra by using its various functions such as drawing lines or inserting points with specific coordinate values (T1). Secondly, other two members (PF and PO) have joined to the conversation, so salutations were exchanged among the newcomers and prior ones (T2). Thirdly, learners attempted to comprehend requirements of the assignment by sharing their understandings (T3). Fourthly, one of the learners volunteered to explore the functions of GeoGebra, while she was being directed by knowledgeable members of the team (T4). Next, learners tried to understand and solve the question in the assignment (T5). Since our focus is on how the group members collaboratively developed a solution of the question, we focused on T5. We conducted an interaction analysis of excerpts obtained from T5 to explore learners' achievement of joint perception in the following sections.
Locating the Landmarks on the Chart
After obtaining the document of the assignment and reading the questions, the group began to discuss possible solutions. PO made the first attempt and offered that they needed to mark locations of the landmarks (i.e. the lighthouse and the bridge) in the coordinate plane of the GeoGebra environment. Therefore, PO started to discover GeoGebra functions by aiming to perform marking these locations. In order to achieve progress in problem solving, PO continued to work and attempted to draw lines with specified angles, but failed to organize the objects in the desired way. These were the initial trials of the group where they explores some of the relevant functions of the GeoGebra environment. In the following episodes the group proceeded with a discussion on how to reflect the angle information given in the problem on the workspace.
Line-of-Position Plotting on the Chart
The problem solving process of the group started with PF's suggestion to make a plan and start working according to this plan. More specifically, PF offered that they can identify the steps and then begin to work based on those steps ( She does this with a reference to the tooltip message associated with the button providing the desired function. Since the locale of the participants were in Turkey, Geogebra buttons were displayed with Turkish tooltip messages to the participants. At the same time, PF stated that she might be able tell after trying out different options of GeoGebra (124). DO couldn't find the location of the option offered by SK, hence asked for her help (128). SK elaborated by mentioning the place of the top-level icon that leads to the desired button (129) and its order in the toolbar (131). In GeoGebra drawing features are presented in a hierarchical way which requires an extra click on the top-level button to make more options available. DO responded that he found the option based on SK's description (130). Next, PO suggested that they could draw a line making that specific degree and move its end to point A. She additionally stated that this task was similar to using a parallel ruler. PF provided an affirmation to this suggestion by saying that "it is the way that we should do" (133). In the meantime DO was trying to draw a line with specific angle but couldn't succeed again, and hence decided to give up the control (134). Following DO, PO also tried to draw lines based on previously stated guidelines but couldn't succeed as well.
Next, DO stated that he had solved the problem by employing basic analytics (142). Similarly, PO indicated that she knew the solution but couldn't draw it on the shared workspace (143). DO repeated the first step for the solution by stating that they should "draw a line which makes 30.96 degree with north and slide it till it hits point A" (146-148). PF confirmed the suggestion of DO and explained the second and third steps (149). She said that they should draw a line passing through the point (12, -6) and having 105.95 degree with the north. She also mentioned the key observation that the ship should be located at the intersection of these lines. To summarize, the group agreed on the steps of the solution but couldn't draw it on the chart by using the GeoGebra functions. Figure-4 PF decided to do the drawing on paper since she was confused about using GeoGebra functions (162). In addition, PF suggested essential information for the solution of the problem (161). She mentioned the slide numbers in the lecture notes of the course that contained a similar example. However, PF subsequently stated that she didn't know how to do this by the GeoGebra tool (162). SK continued to work on the problem through functions of GeoGebra; her initial drawings were provided in Figure- 
DISCUSSION
In the excerpts presented above group members collectively discussed and developed a graphical solution to the navigation problem they were given. As part of this process the group had to associate the locations of the two landmarks on the shared map and figure out how they should use the angular information given from the ship's perspective on those landmarks. In other words, they had to develop a joint perception of the objects and their relationships encoded in the shared scene.
Initial attempts of students were towards understanding the problem and discovering functions of the tool. Learners' understanding and statement of the problem can be interpreted as a trigger activity which is proposed as the initial phase of the Progressive Knowledge Building Inquiry cycle, and defined as an activity that involves question statement and encourage learners to propose ideas and solutions (Hakkarainen, 2003; White & Frederiksen, 1998) . Identification of the VMT's functions is the second goal of the group and considers the indication of landmarks in the GeoGebra environment. Although one member located the landmarks on the chart, other members experienced problem about displaying these insertions. This problem was actually related to difference in students' perspectives in using the tool. It was solved with the collaborative directions, which demonstrates the construction of a shared view through peer support. This can be also identified as a collaborative effort ( 
CONCLUSION
Overall, this case study demonstrates how a group of participants achieved a joint perception of a navigation problem that requires peculiar forms of spatial reasoning. The medium in which the team had to co-construct their solution triggered breakdowns in interaction at multiple stages. Although this points at key usability issues in the existing design of the environment, some of these challenges turned out to be productive for the team as their resolution led them to think about the problem in new ways. In particular, they were able to grasp the need for a reference line to draw angles, and design a method to represent angles by aligning the ship's perspective with respect to the landmarks. The dynamic nature of the environment allowed team members to witness the process in which the angles were added and manipulated in the shared space. Texts, drawings and the animated evolution of representations in the shared space mutually informed each other and facilitated collective meaning making. Through this discussion the team collectively developed a better understanding of the reasoning practices and navigational artifacts employed by real navigation team, which is evidenced in the sequential organization of their chat messages and drawing actions.
The study has significant theoretical implication that demonstrated students' collaboration process and identified their collective building of knowledge from a broad aspect. This is aligned with the theory of Knowledge Building which offers that learning proceeds with the process of creating new cognitive artifacts and enhancement in current understanding as a result of collective goals, group interactions, and combination of ideas (Scardamalia & Bereiter, 2003) . The findings also provide practical implications for instructional designers that the system should be improved for better functionality in the collaboration process.
One of the limitations of this study was related to its scope. That is, analysis of one team out of three teams was performed with this study. The future study could analyze collaboration of all teams in the course and additionally perform comparisons with regard to teams' progress. The second limitation was related to the inadequate instructor support during the collaboration. In a future study, instructor could take the facilitator role in the process and provide assistance about the functionalities of the tool. In this way, students could allocate more time for the generation of ideas and construction of knowledge. As a result, the future study could mainly focus on students' progress. 
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